Clonality disguises the vulnerability of a threatened arid zone Acacia by Roberts, David G et al.
University of Wollongong
Research Online
Faculty of Science, Medicine and Health - Papers Faculty of Science, Medicine and Health
2017
Clonality disguises the vulnerability of a threatened
arid zone Acacia
David G. Roberts
University of Wollongong, dgr@uow.edu.au
Cairo Forrest
University of Wollongong, cnf96@uowmail.edu.au
Andrew J. Denham
University of Wollongong, adenham@uow.edu.au
David J. Ayre
University of Wollongong, dja@uow.edu.au
Research Online is the open access institutional repository for the University of Wollongong. For further information contact the UOW Library:
research-pubs@uow.edu.au
Publication Details
Roberts, D. G., Forrest, C. N., Denham, A. J. & Ayre, D. J. (2017). Clonality disguises the vulnerability of a threatened arid zone
Acacia. Ecology and Evolution, 7 (22), 9451-9460.
Clonality disguises the vulnerability of a threatened arid zone Acacia
Abstract
Long-lived, widespread plant species are expected to be genetically diverse, reflecting the interaction between
large population sizes, overlapping generations, and gene flow. Such species are thought to be resilient to
disturbance, but may carry an extinction debt due to reproductive failure. Genetic studies of Australian arid
zone plant species suggest an unusually high frequency of asexuality, polyploidy, or both. A preliminary AFLP
genetic study implied that the naturally fragmented arid zone tree, Acacia carneorum, is almost entirely
dependent on asexual reproduction through suckering, and stands may have lacked genetic diversity and
interconnection even prior to the onset of European pastoralism. Here we surveyed microsatellite genetic
variation in 20 stands to test for variation in life histories and further assessed the conservation status of the
species by comparing genetic diversity within protected stands in National Parks and disturbed range lands.
Using herbarium records, we estimate that 219 stands are extant, all of which occur in the arid zone, west of
the Darling River in southeastern Australia. With two exceptions, all surveyed stands comprised only one
multilocus genet and at least eight were putatively polyploid. Although some stands comprise thousands of
stems, our findings imply that the species as a whole may represent ~240 distinct genetic individuals, many of
which are polyploid, and most are separated by > 10 km of unsuitable habitat. With only 34% of stands (and
therefore genets) occurring within conservation reserves, A. carneorum may be at much greater risk of
extinction than inferred from on-ground census data. Land managers should prioritize on-ground
preservation of the genotypes within existing reserves, protecting both vegetative suckers and seedlings from
herbivory. Importantly, three stands are known to set viable seed and should be used to generate genetically
diverse germ-plasm for ex situ conservation, population augmentation, or translocation.
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the	 interaction	 between	 large	 population	 sizes,	 overlapping	 generations,	 and	 gene	
flow.	Such	species	are	thought	to	be	resilient	to	disturbance,	but	may	carry	an	extinc-
tion	debt	due	 to	 reproductive	 failure.	Genetic	 studies	of	Australian	arid	 zone	plant	
species	suggest	an	unusually	high	frequency	of	asexuality,	polyploidy,	or	both.	A	pre-























Remnant	 stands	 of	 long-	lived,	 recently	 abundant,	 and	 widespread	
plant	 species,	 in	 particular,	 temperate,	 and	 tropical	 forest	 trees,	 are	
often	found	to	display	high	 levels	of	genetic	diversity,	 reflecting	ge-
netic	 interconnection,	mediated	by	pollen	or	seed	dispersal	 (Kramer,	
Ison,	 Ashley,	 &	 Howe,	 2008)	 within	 typically	 large	 populations.	
However,	 such	 species	may	carry	 an	extinction	debt	 (Janzen,	1986)	
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ives	 (Besnard	 &	 Baali-	Cherif,	 2009),	 and	 some	Australian	 arid	 zone	
plant	 and	 animal	 species,	 including	 acacias	 (Andrew,	Miller,	 Peakall,	
Crisp,	&	Bayer,	2003;	Roberts	et	al.	2016),	mallee	eucalypts	(Bradbury,	








duction	 (Maynard	 Smith,	 1978;	 Meirmans,	 Meirmans,	 &	 Kirkendall,	
2012;	Williams,	 1975).	 Possible	 explanations	 for	 the	 relatively	 high	
incidence	 of	 asexual	 reproduction	 in	 arid	 environments	 include:	 “a	










loderi,	 further	highlights	 that	within	 the	Australian	arid	 zone,	 there	
is	 an	 unusually	 high	 frequency	 of	 asexuality,	 polyploidy,	 or	 both	








arid	western	sites	might	 reflect	a	 long	history	of	 isolation	or	adap-
tation	to	harsh	but	relatively	constant	conditions.	A	 lack	of	genetic	
and	genotypic	diversity	within	western	stands	implies	that	A. loderi,	
within	 that	 region,	 may	 lack	 the	 capacity	 to	 adapt	 to	 future	 chal-
















Herbivory	 is	expected	 to	 limit	 the	establishment	of	 sexual	 recruits,	
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Furthermore,	these	seeds	are	likely	to	fail	to	germinate	or	grow	under	
persistent	drought	conditions	and	 in	the	face	of	extraordinarily	high	
levels	 of	 herbivory.	 Second,	 surveys	 of	 flower	 visitation	 and	 inflo-
rescence	development	within	a	small	number	of	stands	have	shown	
that	the	hermaphroditic	flowers	receive	a	diverse	suite	of	insect	vis-



















boundary	 of	 the	Darling	 River	 floodplain,	 the	 species’	 current	 east-









2  | MATERIAL AND METHODS
2.1 | Estimating the number extant stands of Acacia 
carneorum
As	a	vulnerable	species,	records	of	the	distribution	of	Acacia carneo-
rum	 feature	 in	 the	 databases	 of	 many	 state	 and	 national	 herbaria	
(Canberra,	 New	 South	 Wales,	 Melbourne,	 Adelaide	 and	 Western	
Australia).	However,	 there	 has	 been	 no	 attempt	 to	 consolidate	 this	
information.	Here,	we	combined	existing	records	of	occurrence	with	




and	 area	occupied.	 Several	 stands	 comprised	 single	 stems	 and	oth-
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2.2 | Genetic analyses: interpretation and analysis of 
microsatellite data, and genetic population structure
We	generated	microsatellite	genotype	data	for	a	total	of	20	“stands”	
of	A. carneorum	spread	throughout	its	range,	which	is	limited	to	west-
ern	 New	 South	 Wales	 and	 eastern	 South	 Australia	 (O’Brien	 et	al.,	
2014).	We	re-	sampled	all	stems	assessed	by	O’Brien	et	al.	(2014)	and	
extended	 our	 sampling	 to	 an	 additional	 10	 stands	within	 Kinchega	
National	Park	in	western	New	South	Wales,	including	two	stands	that	
Auld	 (1993)	and	20	years	of	 subsequent	demographic	 surveys	have	
shown	consistently	produce	fruits	containing	viable	seeds	(Denham,	
personal	observation).	In	all	stands,	sampling	for	DNA	extraction	and	









adult	 stems	 in	 a	 stand.	Global	 positioning	 system	coordinates	were	




standard	 laboratory	protocols,	 the	details	of	which	are	described	 in	
our	 earlier	 primer	 note	 (Roberts,	 Forrest,	 Denham,	 &	 Ayre,	 2013).	




is	 highly	 dependent	 on	 asexual	 reproduction.	 In	 addition,	 in	 some	
stands,	electropherograms	for	one	or	two	loci	per	stem	presented	with	
three	visible	peaks,	which	contrasts	with	the	single	or	double	peaks,	
respectively,	 for	 diploid	 homozygotes	 and	 heterozygotes.	These	 tri-









of	 two	stands	 (that	each	had	 two	putative	genetic	 individuals),	 each	
stand	appears	to	comprise	a	single	ancestral	genetic	identity	(refer	to	















































plot	of	Bruvo	genetic	distances	matched	 this	 expectation,	 as	 it	was	
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of	identity	for	siblings	(pIDsib),	to	assess	the	statistical	power	of	our	
marker	set	of	eight	loci	to	differentiate	among	sexually	generated	lin-








3.1 | The number of extant stands of Acacia 
carneorum
We	obtained	 a	 total	 of	 523	 records	 of	 occurrence	 of	A. carneorum 
from	which	we	estimate	there	are	222	distinct	stands,	of	which	three	
are	extinct.
At	 the	 time	of	 analysis,	 the	overall	 set	of	 records	 represented	
206	and	317	records	from	the	New	South	Wales	Wildlife	Atlas	and	
the	Atlas	of	Living	Australia,	respectively.	However,	many	of	these	
records	were	 duplicates	 generated	 by	 submissions	 from	 different	
herbaria	or	through	repeated	entry	of	sightings.	In	most	cases,	with	
the	aid	of	collector	and	location	descriptions,	we	were	able	to	dis-
tinguish	 the	 duplicates	 from	 novel	 collections.	 Recent	 on-	ground	
survey	work	allowed	improved	precision	for	many	previously	known	





Park,	 the	 only	 New	 South	Wales	 reserve	where	 this	 species	 has	
been	recorded.	The	remaining	stands	are	located	in	South	Australia,	
where	 27	 are	 within	 reserves	 including	 Bimbowrie	 Conservation	
Reserve	(Government	of	South	Australian)	and	Boolcoomatta	Bush	







Stand Latitude Longitude N A A’ A’MAX Ho N’SLP N’MLP Ng
Kinchega	National	Park,	New	South	Wales	(NSW)
ACAR	1 32°24.5′S 142°19.0′E 30 11 1.4	(0.2) 2	(0) 0.38	(0.18) 1.1	(0.1) 2	(0.97) 1
ACAR	2 32°32.5′S 142°9.5′E 52 13 1.6	(0.2) 2	(0) 0.62	(0.18) 1.1	(0.1) 2	(0.92) 1
ACAR	3 32°21.5′S 142°13.5′E 30 13 1.6	(0.3) 2.1 (0.1) 0.37	(0.18) 1.1	(0.1) 2	(0.97) 1
ACAR	4 32°33.0′S 142°7.	00′E 46 15 1.9	(0.2) 2	(0) 0.75	(0.16) 1.3	(0.2) 3	(0.96) 1
ACAR	5 32°34.0′S 142°8.0′E 31 18 2.1	(0.3) 2	(0) 0.50	(0.20) 1.9	(0.2) 4	(0.87) 2
ACAR	6 32°29.0′S 142°10.5′E 30 11 1.4	(0.2) 2	(0) 0.25	(0.16) 1.0	(0) 1	(1) 1
ACAR	7 32°31.5′S 142°9.5′E 21 13 1.6	(0.2) 2	(0) 0.50	(0.20) 1.0	(0) 1	(1) 1
ACAR	8 32°32.0′S 142°9.5′E 8 11 1.4	(0.2) 2	(0) 0.40	(0.20) 1.0	(0) 1	(1) 1
ACAR	9 32°31.5′S 142°11.0′E 31 15 1.9	(0.3) 2.1 (0.1) 0.63	(0.18) 1.1	(0.1) 2	(0.84) 1
ACAR	10 32°36′S 142°10.0′E 14 17 2.1	(0.1) 2.1 (0.1) 0.58	(0.09) 2.0	(0) 3	(0.57) 2
ACAR	14 32°31.5′S 142°9.5′E 25 15 2	(0.3) 2.1 (0.1) 0.74	(0.16) 1.6	(0.3) 4	(0.72) 1
Stands	located	West,	North,	and	North	West	of	Kinchega	National	Park,	NSW
ACAR	12 32°43.5′S 141°59.0′E 25 12 1.5	(0.2) 2	(0) 0.50	(0.19) 1.1	(0.1) 2	(0.96) 1
ACAR	11 32°9.5′S 141°56.5′E 25 16 2.0	(0.3) 2	(0) 0.72	(0.16) 1.4	(0.2) 2	(0.72) 1
ACAR	13 29°28.5′S 141°16.5′E 21 14 1.8	(0.3) 2.1 (0.1) 0.55	(0.18) 1.1	(0.1) 2	(0.57) 1
ACAR	15 31°25.0′S 142°11.5′E 16 13 1.6	(0.3) 2	(0) 0.49	(0.19) 1.3	(0.2) 3	(0.69) 1
ACAR	16 32°27.0′S 141°33.5′E 15 15 1.9	(0.5) 2.25 (0.2) 0.38	(0.18) 1.4	(0.4) 4	(0.81) 1
ACAR	17 29°44.0′S 142°58.0′E 16 16 2.0	(0.4) 2.25 (0.2) 0.49	(0.18) 1.4	(0.2) 5	(0.75) 1
South	Australia
ACAR	18 32°06.5′S 140°13.5′E 16 12 1.5	(0.2) 2	(0) 0.50	(0.19) 1.0	(0) 1	(1) 1
ACAR	19 32°06.5′S 139°9.0′E 16 12 1.5	(0.3) 2	(0) 0.39	(0.17) 1.3	(0.2) 3	(0.75) 1
ACAR	20 31°35.5′S 140°47.5′E 16 14 1.8	(0.3) 2.25 (0.2) 0.50	(0.19) 1.1	(0.1) 2	(0.94) 1
Total,	
species
484 44 5.5	(0.4) 2.75 (0.2) 0.54	(0.06) 9.5	(0.7) 49 22
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within	 the	 Flinders	 Ranges	National	 Park	 and	 Lake	 Eyre	National	
Park.
3.2 | Genetic diversity and structure
The	sample	of	eight	microsatellite	 loci	had	ample	power	 to	distin-
guish	between	different	sexually	generated	lineages	(assuming	dip-
loidy),	 and	each	 stand	was	 genetically	 distinct.	 The	 estimated	pID	
was	3.4E-	06,	and	pIDsib	was	0.0043.	Our	survey	of	genetic	diver-
sity	in	484	stems	spread	across	twenty	stands	of	Acacia carneorum 
revealed	 the	 overall	 collection	 of	 stems	 was	 genetically	 diverse,	
with	the	mean	number	of	alleles	per	locus	=	5.5	±	0.4	and	the	over-






With	 these	 two	 exceptions,	 the	most	 frequently	 occurring	MLP	
in	each	stand	was	much	more	genetically	distinct	than	the	extremely	
rare	minor	variants	detected	at	 low	frequency	(<0.05)	within	stands,	




exceptions	were	 stand	5	 and	 stand	10,	within	which	Bruvo	 genetic	




































surveyed	 stands.	We	 detected	 no	 evidence	 of	 recent	 connectivity	
through	 either	 pollen	 or	 seed	dispersal,	 and	 all	 20	 stands	 surveyed	
displayed	little	genotypic	diversity.	In	fact,	our	study	revealed	that	the	
majority	of	surveyed	stands	comprise	only	one	(often	a	putative	poly-











polyploidization	 may	 facilitate	 habitation	 in	 extreme	 environments	
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Our	 study	on	A. carneorum	 contrasts	with	 earlier	work	 on	other	
Australian	Acacia	species	for	which	clonality,	polyploidy,	or	both	have	
been	 documented	 because	we	 detected	 no	 evidence	 of	 sexual	 re-
production	via	 either	 cross-	or	 self-	fertilization.	 For	 example,	within	
the	widespread	Acacia aneura	species	complex,	predominate	asexual	
reproduction	 through	 apomixis	 in	 some	 stands	 may	 be	 an	 ancient	
condition,	 allowing	 especially	well	 adapted	 genets	 to	 be	 long-	lived,	
where	in	other	areas	sexual	reproduction	predominates	and	provides	
an	 ongoing	 source	 of	 genetic	 variation	 (Andrew	 et	al.,	 2003;	Miller,	
Andrew,	&	Maslin,	2002).	Several	other	arid	zone	Acacia	species,	for	








able	 to	 readily	 proliferate	 through	 suckering	yet	 invest	 little	 energy	
in	maturation	of	 sexual	 progeny	 (i.e.,	viable	 seed)	might	be	 strongly	
favored	by	selection.	Nevertheless,	because	all	of	these	species	have	
the	capacity	for	episodic	sexual	reproduction	(Forrest,	C.	N.,	Denham,	























reflect	 the	higher	genotyping	error	 rates	associated	with	 the	use	of	
AFLPs	(Bonin	et	al.,	2004),	or	a	greater	capacity	to	detect	accumulated	
somatic	mutations	 (Kuchma,	Vornam,	 &	 Finkeldey,	 2011).	With	 our	
microsatellite	data	set,	we	were	able	to	detect	evidence	of	polyploidy	

























strongly	 reliant	on	asexual	 reproduction	 through	 root	 suckering	and	
display	little	genetic	diversity	(Roberts	et	al.,	2016).	Acacia carneorum,	
like	these	western	stands	of	A. loderi,	appears	to	consist	of	stands	with	








Even	 if	 this	species	was	highly	clonal	prior	 to	 the	expansion	of	pas-
toralism	 in	the	mid-	1800s	 (Caughley,	1987),	our	data	still	 imply	that	
considerable	numbers	of	potentially	distinct	and	ancient	genets	have	




Parker,	 Rodriguez,	 &	 Loik,	 2003;	 Scott,	Meyer,	Merrill,	 &	Anderson,	
2010)	 or	 because	 they	 represent	 the	 “ultimate	 self”	 (Hopper,	 2009;	




versity	generated	by	 the	most	 recent	episode	of	 sexual	 recruitment	
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Taken	 together	 our	 genetic	 data	 set	 and	 analysis	 of	 records	 of	




of	A. carneorum,	 our	 analysis	 of	 herbarium	 records	 for	A. carneorum 
also	provides	a	bleak	picture.	While	some	stands	of	A. carneorum com-
prise	 a	 thousand	or	more	 individual	 stems,	 these	 are	 the	 exception	
(O’Brien	et	al.,	2014),	with	most	stands	comprising	far	 fewer,	and	 in	
some	cases	 lone	 stems.	 Importantly,	 the	number	of	 apparently	 sep-
arate	stands	recorded	within	all	available	databases	greatly	overesti-












4.1 | Implications for conservation and management
Our	data	imply	that	the	conservation	status	of	A. carneorum	should	be	
revised	to	“Endangered”	rather	than	its	current	status	of	“Vulnerable.”	
The	basis	 for	 this	 classification	 is	 criterion	D	of	The	 IUCN	Red	List	
of	 Threatened	 Species	 (http://www.iucnredlist.org/static/catego-
ries_criteria_3_1),	which	indicates	that	“a	taxon	is	endangered	when	




stems	 (O’Brien	 et	al.,	 2014).	 The	 IUCN	 criteria	 include	 counts	 of	
ramets,	except	where	they	are	unable	to	survive	alone	or	will	never	
produce	 new	 recruits.	 Underestimation	 of	 population	 size	 in	 clonal	
plants	is	therefore	likely	to	be	a	general	phenomenon,	one	which	has	














genetic	 input	 from	 at	 least	 two	 neighboring	 stands	 (Forrest,	 C.	 N.,	
Denham,	A.	J.,	Roberts,	D.	G.	&	Ayre,	D.	J.,	unpublished	data.).	Thus,	
these	stands	could	be	used	to	produce	seedlings	for	ex	situ	conser-





greater	protection	of	 fruiting	 sites	 (and	neighboring	 stands	 that	 are	
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